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EFFECTOF INiXT-DUCTLENGTHINUNIFORM-FLOW
FIELDONTURBOJET-ENGINEOP RATION
ByRobertJ.Lubick,LouisJ. ChelJm, andLewisE.Ws.llner
A high-pressure-ratiox al-flowturbojetenginewasoperatedin
theLewisaltitudewindtunnelto deteiminetheeffectof inlet-duct
lengthon engineoperation.Datawereobtainedwitha shortbellhouth “
inletandwitha 20-footductsectionofuniformdiameterbetweenthe
inletandthecompressor.Bothsteady-stateandtransientdatawereob-
tainedinan efforto determineanydifferencesinenginecharacter-
isticsattributableto inlet-ductlength.
Althoughtheadditionalductlengthincreasedtheinletvelocity
gradientsomewhat,therewasno noticeableeffecton steady-statecom-
pressorpressureratioor exhaust-gastemperature.Theen~netimecon-
stantsandstalllimitsintermsofbothcompressorp essureratioand
enginefuelflowwereunaffectedby inlet-ductlength.Increaseduct
lengthincreasedthetimerequiredforsurgerecoveryandsometimesre-
sultedin combustionblow-out.Overatleastpartof thespeedrange,
lower-amplitudepr ssureoscillationsandhigherfrequencieswereob-
tainedduringsurgewiththelong-ductinletcomparedwiththebell..mouth
inlet.
Tomeasureadequatelythe
INTRODUCTION
performuceofa turbojetengineduring
fueltransientsrequires“complexinstrumentation.Therefore,theprac-
ticalwayto collectexperimental.dataof thistypehasbeen-inal~itude
testfacilitieswherespace,weight,andtimeconsiderationsarenotthe
criticalfactorstheyareinflightesting.Beforealtitude-facility
datacanbeassumedrepresentativeofactualflightresults,however,
severalfactorsmustbe considered,emongwhicharevelocityprofiles
enteringtheengine,variationsininlettotalpressureduringchanging
engineairrequirements,anddifferencesininlet-ductvolumebetween “
flightandaltitude-faci~tyengineinstallations.Thispaperispartic-
ularlyconcernedwiththelastproblem.
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Ductvolumeatthecompressorexithasbeenknowntohavea strong
influenceon engineperformanceor surgecharacteristics(seeref.1).
In addition,certaininlet-ductingarrangementshavebeenrepmtedto
produce“organ-pipingJ*effectsatthecompressorentrance.Whenanin-
letductisoperatingin a nonuniform-flowfield,increasingtheduct
lengthasbeenreportedtQ improvethepressureprofilesattheduct
exit(ref.2). Thisreportis anefforto determinewhethera simple
extensionoftheinletducting(increasingductvolume)withno change
in dismeterorflowdirectionhasanyeffecton eitherthesteady-state
or transientperformanceoftheengine.In sltitudetestfacilitiesthe
inlet-ductlengthmayvaryfroma bellmouthattachedirectlytothe
compressorto a 20-footor longerinletductnecessitatedby thearrange-
mentof theenginewithinthetestchsniber.However,thequestionof
inlet-ductvolumeisnotconfinedto altitudetestfacilities~it also
srisesforenginesmountedinvariousaircraftconfigurations,suchas
a pal-typecompsredwithfuselsgeinstallations.
In orderto determinetheeffectsof inlet-ductlengthin a uniform-
flowfieldon engineperformance,a turbojetenginewasoperatedinthe
NACALewisaltitudewindtunnelwitha shortbellmouthinletandwitha
20-footductsectionofuniformdiameterplacedbetweentheinletandthe
compressor.Steady-stateandtransientenginedatawereobtainedfora
ranaeof em?inesueedsatsltitudesbetween15,000and50,000feetata
fli~htMach-nude;of0.2. Theeffectsof inlet-ductlengthon steady-
stateperformance,ngineacceleration,fuel-flowandpressure-ratio
staXllimits,andsurgecharacteristicsoftheengine-ductombination
wereinvestigated.
SYMBOLS
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surgefrequency,cps
enginespeed,rpm
totalpressure,lb/sqft abs
compressor-dischargetotalpressureatstallpoint,lb/sqft
compressor-dischsrgetotal-pressurefluctuationduringsurge}
lb/sqft abs
totaltemperature,‘R (°F*s)
timein surge,sec
velocity,ft/sec
fuelflow,lb/hr
—
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abs
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e temperature-correctionfactor,ratiooftotaltemperatureto
NACAstandsrdsea-leveltemperatureof518.7°R
-. T timeconstant,sec
Subscripts:
av average
2@ d distorted
2 local
u undistorted
1 engineinlet
2 compressoroutlet
3 exhaust-nozzle
i,
I
)).
inlet
APPARATUS
An axial-flowturbojetengine,whichwasinthe10,000-pund-thrust
classwithanairflowofabout160poundspersecond,wasusedinthis
study. Theenginewasequippedwithcompressorbleedvalvesto afford
improvedstallmarginduringacceleration.Thestandardenginefuelcon-
trolwasreplacedby a constsa.t-pressure-dropcontrol,whichpermitted
rapidchmgesinfuelflow.
Instrumentation
Instrumentationnstalledat eachofthemeasuringstationsisindi-
catedinfigure1. Thetransientdatawererecordedonmultiple-channel
oscil.lographs.Pressurevariationsweremeasuredbymeansofpressme
transducers,whichconvertedpressurechangesintoelectricalsignalsfor
inputintotheoscillographafterappropriateamplification.Engine
speedwasmeasuredwitha high-speedelectroniccounter.Throttle-valve
positionwasusedasa measureof enginefuelflow,becausea constcmt
pressuredropwasmaintainedacrossthethrottle.
.
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InletConfiguration
A diagramshowingthetwoengine-inlet-ductcombinationsi shown
infigure2. Fortheconfigurationhereinafterreferredto asthe“bell-
mouthinlet,”a bellmouthwasdirectlyconnectedtoa 24-inchinstru-
mentationsection,whichwasinturnconnectedtotheengine-inletflange.
Forthe“long-ductinlet,”thebellmouthwasseparatedfromtheinstru-
mentationsectionby a 20-footcylindricalsection.
.
PROCEDURE
Steady-statedatawereobtainedwith
rationsat simulatedaltitudesof15}000,
thetwo
35,000,
z
m
engine-inletconfigu-
and50,000feetata
nominalflightMachntier of0.2. At eachflightconditiontheengine
wasoperatedoverthefullspeedrangewiththecompressorbleedsin
boththeopenandclosedpositions.Foreachsteady-statecondition,
comprehensivepressureandtemperaturem asurementsweremadeatallthe
instrumentationstationsindicatedinfigure1. Inadditionto theruns
madetodeterminedifferencesinthesteady-stateoperation,stepin-
creasesinfuelflowwereintroducedintotheengineto studyanypossi-
bleeffectsofductlengthonaccelerationcharacteristics.Various-
sizedfuel-flowstepsweremadeto determinepossibleffectsofinlet- .
ductlengthonaccelerationrateswithoutsurge,fuel-flowstalJ-limits,
compressor-pressure-ratiostalllimits}enginetimeconstants,pressure
oscillationsduringsurge,andfrequency.Inorderto determinethese
..
surgecharacteristics,fuel-flow
duceduntila temperaturelimit,
obtained.
RESULTS
ratesresulting
speedlimit,or
ANDDISCUSSION
in surge werenotre-
naturalrecoverywas
Steady-StateCharacteristics
Velocityprofilesthatoccurredatthecompressorinletforthe
bellmouthandlong-ductinletsareshowninfigure3,whererelativein-
letvelocityisplottedasa functionofpassageheightforsltitudes
oflS,000and50,CXI0feet.Theresultingvelocitygradientwiththelong
ductisabout3 timesthatobtainedwiththebellmouth.Deviationsin
totalpressure,presentedinfigure4, indicatea pressuredeficiencyof
about2 percentatthebladetipsdueto thebuild-upofboundarylayer
inthelong-ductinletAPI~/P1,av= 0.02.Thispressuredeficiencyis
actuallymuchsmallerthanbat obtainedinflightwithmanyenginein-
stallations.I?rominletpressuredistortiontests,whereinterstage
instrumentationwasinstalled,a 10-percentchangeinratioofdistorted
toundistortedtotalpressureattheinletwasreducedto4+Percentin
e-D’_..—.-
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thefirststageandpracticallydisappearedinthesucceedingstages
(fig.5). Fromthedatainfigure4, then,itmightbe expectedthat
thelong-ductinlet(withan inlettotal-pressureprofileoflessthan
2 percent)wouldnotproducesizeableffectsonthesteady-statep r-
formance.Thisis demonstratedby theplotsof compressorp essure
ratio,enginepressureratio,andexhaustemperatureinfigures6 to8,
whichshowno differenceb tweenthedataforthetwoinletconfigura-
tions. Thisresultis similartothatreportedin reference3 foran
engineof differentdesign.lZromthesedataitwas‘concludedthatthe
steady-statep rform=cewasnotaffectedby thevariationininlet-duct
length.
AccelerationCharacteristics
A typicalaccelerationwiththetwoinletconfigurationsat compa-
rableconditionsispresentedinfigure9,whereenginespeedis shown
asa functionof timefora stepincreaseinfuelflow. Thetwofuel
bursts,whichwerestartedataboutthesameinitialspeed,havesimilar
accelerationhistories.Theslightdeviationsin speedattheendof
thetransientarisefromslightlydifferentfinalfuelflows.A direct
comparisonfaccelerationcharacteristicsfora widerangeof conditions
ispresentedinfigure10,wherethecorrectedtimeconstantisplotted
asa functionof enginespeed.Inlet-ductlen@hhasno effectonthe
timeconstantforvariousaltitudes,enginespeeds,andcompressorbleed
positions.Compressor-pressure-ratiohist riesforaccelerationsfrom
threedifferentinitialspeedsareshowninfigure11. Forthetwo
inlet~ductconfigurations,thetransientpressureratiossxealmostcoin-
cidentduringtheentireaccelerationfortheseequal-sizedfuelsteps
fromthesameinitialspeeds.It canbe concluded,then,thatchanging
inlet-ductlengthdoesnotaffectthestall-freeengine-acceler’ation
characteristics.
.
CompressorStallLimits
Fuelstepssufficientlyargeto causecompressorstallwereintro-
ducedtotheengineinordertoobtainthecompressorstalllinefor
bothinlet-ductconfigurations.Dataobtainedwiththecompressorbleeds
intheclosedandopenpositionsareshowninfigures12(a}and(b),
respectively.Thereisno consistenteffectofinlet-ductlengthon
compressorstall-limitlines.Sufficientfuelstepsweremadetodeter-
minetheamountof fuelrequiredto causecompressorsurgeovera range
of speeds.Infigure13,datawe shownfor50,000feet,becauseat
loweraltitudesitwasdifficultto obtainaccuratelycontrolledfuel
increases.Disregardingthedatascatter,whichistypicalforhigh-
altitudefuel-flowdata,theinlet-ductconfigurationdoesnotseemto
affecthestallfuel-flowline.
.
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SurgeCharacteristics
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Theeffectsofinlet-ductlengthon enginesurgecharacteristics,
includingfrequency,amplitude,anddurationofpressureoscillation,
arepresentedinfigures14to 17. Thetimebehaviorof enginevaria-
blesreqtiredto describenginesurge,fora typicalaccelerationfol-
lowinga stepincreaseinfuelflow,ispresentedinfi~e 14. A step
increaseinfuelflowjustlargeenoughtoreachthecompressorstall
limitandtherebycauseenginesurgeis showninthefigure.Immediately
folJowingtheincreaseinfuelflow,compressor-outletpressurerisesto
) dropsoffsuddenly,andisfollowedby fa timum (stallpoint, I’2,m= j m
successivesurgeoscillationsofmagnitudeAP2. Enginespeedcontinues
to increaseduringtheentiretransientbutata somewhatfaster ate
aftersurgerecoveryisreached.Forthistransient,theenginere-
mainedin surgefor1.9 seconds; aftersufficientaccelerationhadtaken
placeandfuelflowwasno longerexcessive,natural.surgerecoverywas
obtained.
Thetimerequiredforsurgerecoveryis showninfigure15fora
seriesofaccelerationswithbothinlet-ductconfigurations.Thefaired
curvesapproximatehelowestfuel-flowstepsrequiredforengines~gej
largerfuelstepswouldlengthenthetimein surge.Althoughthereis
.
considerablescattertothisdata,surgesobtainedwiththelong-duct
inlet,fora largepartofthespeedrangeshown,consistentlyrequireda ~
longertimefornaturalsurgerecoveryto occur.b addition,during
surge,combustionblow-outoccurredathighenginespeedsforbleeds-
closedoperaticmswiththelong-ductinlet.No blow-outpointswere
obtainedwiththebellmouthconfigurationatthesameflightcondition.
Theamp~tudeofthecompressor-dischargep essureoscillations
duringenginesurgeis showninfigure16. Thepressureoscillations
arerepresentedby theratioof compressor-dischargep essurevariation
duringsurgedividedby th-edischargepressurejustpriorto surge
(~2/p2,WJ seefig.14). At highspeeds,thetwoinletconfigurations
havethesamesurgeamplitudeatlowspeeds,however,theoscillations
withthebel.lmouthinletaresomewhatlargerthpnthoseobtainedwith
thelongduct.Aswouldbe expected,thelow-smplitudepointswiththe
longductoscillateat a relativelyhighfrequency,as canbe seenfrom
thedatainfigure17,whichisa plotoffrequencyagainstenginespeed.
An increaseinductlength,then,tendsto increasethetimein surge
andresultin smallersurgeoscillationsathigherfrequencyoverat
leastpartoftheenginespeedrange.Thisfrequencyeffectisopposite
tothecompressor-exit-volumeeffecton surgefrequencystatedinref-
erence4)whereitwasfoundthatreductionindischargevolumeincreased
thesurgefrequency.
.
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SUMMARYOFlIESULTS
Ua
4mCN
A studyoftheeffectof inlet-ductlengthin a uniform-flowfield
on turbojet-engineop rationwasconductedintheNACALewissltitude
windtunnel.Theenginewasoperatedwitha bellmouthinletconnected
tothecompressorandwiththebellmouthsepsratedfromthecompressor
by a 20-footcylindricalductsection.Theadditionalductlengthin-
creasedthevelocitygradientsomewhatatthecompressorinletbuthad
nomeasurableeffectonthesteady-statep rformuce.Theenginetime
constsmtsandthecompressorstalllimitsintermsofbothcompressor
pressureratioandenginefuelflowwereunsffectedbyinlet-ductlength.
Incressedductlengthraisedthetimerequiredforsurgerecoveryand
sometimesresultedin couibustionblow-out.Overatleastpartof the
speedrange,lower-smplitudepr ssureoscillationsandhigherfrequencies
wereobtaineduringsurgewiththelong-ductinletcomparedwiththe
belhnouthinlet.
In conclusion,then,changesin inlet-ductlengthwhere”flowdis-
tortionsarenotpresenthaveno appreciableeffecton engineperform-
anceup to thestalllititj however,thesurgecharacteristicsare \
alteredsomewhat.
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Figure7. - E17fectof inlet-ductlengthon enginepressureratio. Flight
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